Abstract: Rett syndrome is one of many severe neurodevelopmental disorders with feeding difficulties. In this study, associations between feeding difficulties, age, MECP2 genotype, and utilization of gastrostomy were investigated. Weight change and family satisfaction following gastrostomy were explored.
INTRODUCTION
R ett syndrome is a severe neurodevelopmental disorder, occurring mainly in females and usually associated with a mutation of the methyl-CpG-binding protein 2 (MECP2) gene. 1 It occurs rarely 2 with a wide phenotypic spectrum in part explained by the specific MECP2 mutation. 3 Following apparently normal early development, there is loss of communication and hand function with the development of intense midline hand stereotypies. Comorbidities include breathing dysfunction, scoliosis, 4 epilepsy, 5 and gastrointestinal disorders. 6 Poor growth is common in Rett syndrome. 7 The MECP2 mutation likely has a role, but other contributing factors include poor muscle tone and oromotor incoordination, which can cause feeding difficulties. 8 Gastrointestinal dysmotility may lead to gastroesophageal reflux disorder, delayed gastric emptying, and/or constipation. 9 Many have disturbed breathing patterns with episodic hyperventilation, breath holding, aerophagia, and abdominal distension causing discomfort and reduced oral intake. While some appear to have a good appetite, 10 many parents have concerns about their daughter's feeding pattern and intake.
Rett syndrome is one of many genetic disorders associated with severe disability in which feeding difficulties and poor growth occur. 11 Conservative management is trialed initially, 9,10 but with persistent feeding difficulties and poor weight gain, gastrostomy may be recommended. 10 There are many advantages to gastrostomy for children with a severe developmental disability, including improved nutrition and growth, as well as reduced carer anxiety. A Spanish study involving 26 parents of children with severe developmental disability reported high satisfaction levels in relation to their child's health, daily care routines, and family dynamics following gastrostomy. 12 Despite these advantages, 13 parents are often slow to accept a gastrostomy as the best management for their child. 14 In Rett syndrome, gastrostomy has been associated with improved growth 15 but there has been no comprehensive investigation of outcomes using a quality of care framework. 16 The Australian Rett Syndrome Database (ARSD) is unique worldwide in collecting genetic and phenotype data that is both population based and longitudinal. 17 This dataset allows us to look back at factors that preceded gastrostomy and assess outcomes following surgery such as growth. Our Rett syndrome data could also provide insights into issues encountered by children with other severe disabilities. Using data collected in the ARSD, we investigated feeding difficulties in Rett syndrome and their relationships to age and MECP2 genotype. Following gastrostomy, we investigated weight change and carer satisfaction.
METHODS
Following registration with the ARSD, a family questionnaire is initially administered and 6 follow-up questionnaires have been distributed between 2000 and 2011. Females with a clinically 18 or genetically 19, 20 confirmed diagnosis of Rett syndrome and whose parents/carers returned the 2011 follow-up questionnaire were included in this study. Categorization of age and genotype is shown in Table 1 . The common mutation types are shown in Figure 1 .
Carers were asked whether the individual was fed orally, enterally, or in combination. If fed orally, caregivers were asked whether the quantity of food eaten was less than, about right, or greater than expected for their daughter's size, their concerns about intake (responses dichotomized by combining ''none'' or ''occasionally'' to indicate mild concern and ''frequently'' or ''constantly'' to indicate strong concern), and the frequency of coughing, choking, or gagging when eating different types of foods or drinking liquids (classified as absent or present [''less than once per week,'' ''1-2 times per week,'' ''daily,'' or ''more than once per day'']). Average mealtime duration was dichotomized by the median value (20 minutes). For those fed enterally, questionnaire data describing height and weight, dates of gastrostomy insertion, and reason(s) for gastrostomy were supplemented with data from medical records. Weight z-scores for age were calculated using the LMS method based on data from the 2000 US Centers for Disease Control and Prevention Growth dataset. 22 The reference value of age 20 years was applied to any individual over this age.
Caregivers were also asked about satisfaction or otherwise with the gastrostomy surgical experiences, questions having been developed following evaluation of relevant literature and family input. Items described overall satisfaction, specific aspects of hospital processes, and functional outcomes following surgery, such as weight gain, feeding problem, care, and well-being. Five-point Likert scales were used to rate each question. Families were also asked open questions regarding the aspects of management and outcomes that were satisfactory or otherwise for them.
We interrogated data from earlier questionnaires to investigate relationships between the presence of mealtime issues and subsequent feeding status. For the group who fed orally in 2011, we analyzed responses provided in the 2009 questionnaire, and for those who were later fed via gastrostomy, we used the data provided in the questionnaire prior to gastrostomy insertion.
Ethics approval of the study was obtained from the Human Research Ethics Committee of the Princess Margaret Hospital for Children, Western Australia (1909/EP).
Statistical Analysis
Logistic regression was used to model the association between MECP2 mutation type and age group and the binary mealtime issue variables. Generalized estimating equations were used to estimate the occurrence of coughing, choking, and gagging as binary outcome variables for the explanatory variables food type, age group, and mutation type. Logit link function, robust standard errors, and exchangeable working correlation structure were used for parameter estimation. Fisher exact test was used to evaluate equality of proportions. Paired t test was used to examine the difference between presurgery Ã Includes those who were fed through a gastrostomy/jejunostomy button or a nasogastric tube, or orally for food and drink and enterally for nutritional supplements or medication.
y Eleven cases were not tested for mutation or with unknown mutation type.
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and postsurgery weight-for-age z-scores. All missing data were considered missing for reasons unrelated to the study outcomes. Content analysis was conducted using data from the openended satisfaction questions. Data were grouped by the content area of the question and then read and re-read to gain familiarity and form initial ideas of the data set. The researcher then coded recurring words, phrases, or concepts within these areas, and integrated similar codes to define the key themes. The themes were marked within the data to allow further reflection on each thematic decision and either confirm, refute, or modify the original interpretations. A second researcher reviewed all coding decisions to increase credibility of analysis.
All statistical analyses were conducted using STATA release 13 (StataCorp LP, College Station, TX).
RESULTS
In April 2014, information about 387 females with Rett syndrome born since 1976 had been received from families, among whom 73 had died. Almost a quarter (25.6%, n ¼ 99) had had gastrostomy or jejunostomy feeding tube insertion. The 2011 follow-up questionnaire was administered to caregivers of 262 individuals, including 70 who had gastrostomy surgery, and the response fraction was 87.4% (229/262). The median age of females was 17 years 11 months (range 2 years 8 months to 35 years 9 months). Almost three-quarters (74.7%, 171/229) ate and drank orally including 5 with gastrostomy insertion for other purposes (eg, venting stomach gas), 13.1% (30/229) received their nutrition by a combination of oral and enteral feeds, and 9.6% (22/229) were exclusively enterally fed. Nasogastric tube feeding was rare (2.6%, 6/229). The type of feeding method was similar across age groups (P ¼ 0.79). However, oral feeding was more prevalent among those with C-terminal, p.Arg133Cys or p.Arg306Cys mutations, while a higher proportion of those with a p.Arg168 Ã , p.Arg270 Ã , or large deletion 20 mutations were enterally fed (P ¼ 0.13) ( Table 1) .
Relationships Between Previous Mealtime Issues and Later Feeding Method
Data on mealtime issues were available in 2009 for the majority (135/166) of females who later fed orally in 2011, and had never been fed enterally. For those who ever had enteral feeding (n ¼ 63), 57% (36/63) of their families provided data on mealtime issues when fed orally as reported in the questionnaire prior to gastrostomy insertion. Close to two fifths with a gastrostomy (36%, 13/36) had previously been perceived as eating less than expected, compared with 10% (13/126) in the oral feeding group (P ¼ 0.001) ( Table 2) . Families of about onesixth (17%, 3/18) of those with a gastrostomy had had serious concerns about food intake, in contrast to 7% (10/134) of those whose child was fed orally (P ¼ 0.19). A larger difference was observed for concerns about fluid intake (gastrostomy: 50% 14/29; oral feeding: 28% 38/134; P ¼ 0.05). Coughing during feeding was previously more common among those in the gastrostomy group (68% 21/31) when compared with their orally fed counterparts (12%, 16/135, P < 0.001), as was choking (39%, 12/31, P < 0.001) and gagging (29%, 9/31, P < 0.001) ( Table 2 ).
Feeding Difficulties During Oral Feeding
Of the 166 females identified in the 2011 questionnaire as exclusively orally fed and with no history of enteral feeding, slightly more than half (55%, 90/164) of families thought the quantity of food eaten by their child was about right, whereas 15% (25/164) considered the amount was less than expected and 30% (49/164) more than expected. Compared with their adult peers, girls 7 years were more likely to eat less than expected than their adult peers (odds ratio [ Table 3) .
Over half (57%, 94/164) of females stopped eating or drinking at some period, more than half of episodes (54%, 58/108) occurring when unwell. Mealtimes were prolonged (>20 minutes) for just under half (45%, 74/166) of those who were fed orally. Compared to adults, those 7 years had slightly increased odds (OR 1.83; 95% CI 0.68, 4.86) of prolonged mealtimes (Table 3) .
Satisfaction With Gastrostomy
The median age at surgery was 8 years 11 months (range 1 year to 35 years and 4 months) and satisfaction data were provided by 63 families at a median period of 6 years 7 months following the procedure. Reasons for gastrostomy/jejunostomy insertion were provided by the carers of 47 females, and included insufficient food and/or fluid intake (48%), feeding difficulties (23%), poor weight gain (13%), temporary illness (9%), and administration of medications (7%). The mean presurgery weight-for-age z-score was À3.50 (n ¼ 42) that increased, on average, by 0.86 (95% CI 0.41, 1.31) at approximately 2 years postsurgery.
In general, carers were satisfied with the surgical procedure and would recommend it to others in similar circumstances (median score 5; interquartile range [IQR] 5,5). They felt less anxious (median score 5; IQR 4,5) and more optimistic in caring for their child (median score 5; IQR 5,5) ( Table 4 ). The majority of carers (>85%) were satisfied with outcomes of reduced feeding difficulties, weight gain, improved general well-being and happiness, and greater ease of daily care. Approximately two thirds were satisfied with outcomes in relation to vomiting, abdominal bloating, and fatigue throughout the day (Table 5) . Responses to the open-ended questions were provided by the majority of caregivers (92%, 58/63) and themes related to the health of their daughter, family burden and stress, and relationships with health care providers ( Table 6 ). Many described benefits for their daughter's health including weight gain, better respiratory health, and improved energy levels. A small proportion described complications ranging from minor wound problems such as granulation to a more serious adverse effect of catheter migration. One family discussed the compatibility of gastrostomy with continued oral feeding that was pleasurable for their daughter. Many families valued more efficient care routines in relation to feeding and administration of medications via gastrostomy, and reduced worry and stress in relation to mealtime procedures and their daughter's health. Health care providers played important roles in decisionmaking processes, ongoing management, and education on day-to-day care and routine gastrostomy changes, and relationships that were mutually respectful were highly valued (Table 6 ).
DISCUSSION
Oral feeding in Rett syndrome is frequently associated with feeding difficulties, including coughing in two thirds and choking and gagging in approximately one third, which occurred more frequently in those with a p.Arg168 Ã mutation and in those who were later to receive a gastrostomy. Gastrostomy was utilized in approximately one quarter of the Australian Rett syndrome population and consistently resulted in weight gain. Families were satisfied with the gastrostomy procedure and reported improvements in their daughter's health and reduced family stress and burden during daily care activities.
Using longitudinal data in the ARSD, we found that coughing and choking during meals and to a lesser extent MECP2 genotype predicted the likelihood of gastrostomy. Genotype in Rett syndrome contributes to many aspects of phenotype including clinical severity, 3 functional abilities, 23 and comorbidities such as epilepsy. 5 In Rett syndrome, C-terminal deletions, and p.Arg133Cys and p.Arg306Cys Benefits to health and wellbeing (27, 30%)
My daughter is nearly 29 and she is healthy and happy and more responsive than she has ever been.
Reduced the aspiration pneumonia admissions to hospital. A gastrostomy is one of the best things we have done for her. It enabled weight gain so she could cope with spinal fusion surgery a few years later. Complications (4, 4%) -Occasionally, it gets red and sore because of acid leakage, but otherwise it is great. Because of her anatomy, the gastrojejunostomy tube eroded the wall of her small bowel twice in 2 years. She now has a tunneled jejunostomy tube. Food and fluid intake when unwell (3, 3%)
If she is unwell, we can still administer food, hydration, and medication via her PEG. A very satisfactory outcome! -Can still eat orally (1, 1%) It is compatible with oral feeding and she still loves her food and gets that pleasure and fun. Even with a gastrostomy, she can still chew pieces of schnitzel.
-

Family outcomes
Reduced burden of care (19, 21%) It is much easier to manage her medications (including constipation management) and her food intake.
-
The gastrostomy was easy to care for, and did not cause any pain. It has been the best thing we ever did. Reduced family/carer stress (11, 12%) She was so underweight before, just starving, so it was just such a relief to be able to feed her.
Knowing she was not hungry and getting the nourishment she needs. Having the gastrostomy has made feeding a lot less stressful, it may still be time consuming, but there is no battle any more, we enjoy mealtimes. Health care professional support Coordinated model of care (14, 16%) We were extremely well prepared by the time we were discharged home from the hospital.
The PEG outreach team have been extremely supportive and understood the issues. They will change the PEG 6 monthly although I have done it on occasions. Productive relationships with health care providers (12, 13%) Time given to us to come to terms with this was the best option for our daughter.
The registered nurse from the gastrostomy team was rude and had no time for us.
mutations are associated with a milder phenotype and mutations such as large deletions, p.Arg168 Ã and p.Arg270 Ã with a more severe phenotype. 3, [24] [25] [26] Our study findings were consistent with these observations. For example, those with a mutation usually associated with a milder phenotype, including C-terminal deletions previously found to be associated with better growth, 25 were more likely to feed orally and less likely to experience feeding difficulties during meals. Conversely, those with the more severe mutations such as p.Arg168
Ã and large deletions were somewhat more likely to experience feeding difficulties and undergo gastrostomy.
Coughing, choking, and gagging during feeding are likely associated with altered muscle tone and oromotor incoordination 8 and are important mechanisms to prevent aspiration. Their frequencies in our Rett syndrome cohort suggest that the airways are at risk. Caregiver reports of food texture preferences and tolerance therefore form a part of clinical assessment and may indicate the need for formal assessments such as video fluoroscopy. 10 Use of pureed foods rather than solid, liquid, or mixed textures was associated with fewer feeding difficulties, and clinical assessment can inform recommendations to modify food texture. 10 The presence of coughing and choking was nevertheless associated with later gastrostomy. Children who later received a gastrostomy were often perceived previously as eating less than an adequate quantity of food. However, this was not always the case suggesting that clinical discussions regarding growth should extend beyond parent report of adequate food intake. Together with other clinical signs such as the growth trajectory, our findings provide guidance for clinicians when counseling on need and value of gastrostomy.
The decision to consent to gastrostomy is often difficult for families but satisfaction following gastrostomy is high in a range of conditions associated with developmental disability. 12, 27 We also investigated satisfaction in relation to hospital procedures and later child and family outcomes. Strong family satisfaction with hospital procedures extended to education and ongoing coordination of care procedures following discharge, supporting the value of current protocols. 28 Lowest satisfaction levels related to the lack of understanding of Rett syndrome by ward staff, indicating that general nursing staff need ongoing education to support their management of complex disability. Our Australian experience contrasts favorably with a previously reported qualitative study from the United Kingdom in which families judged that preparation was inadequate in terms of both information and implications for their later lifestyle, and felt excluded from the decision-making processes. 29 As in a US clinical sample, 15 we documented weight gain following gastrostomy in our population-based sample. Motil et al 15 also demonstrated increased height in response to enteral feeding but height was infrequently reported in the clinical records and we were unable to assess this relationship. Together with reduced feeding time and easier administration of medications, this likely contributed to parents feeling less stressed about their daughter's care and her general health and wellbeing. Air swallowing and subsequent abdominal bloating occurred in approximately 50% of one population-based sample 30 and gastrostomy has been recommended for venting excess gas from the stomach. 31 In our study, gastrostomy eased discomfort associated with gas accumulation in the stomach, but if excess gas is located in the small and large bowel, venting via a gastrostomy could be less effective. One family expressed dissatisfaction because their child experienced the complication of catheter migration into the small bowel (a rare complication reported in 2% of 329 children who underwent gastrostomy). 32 Families were more concerned about their daughter's feeding during the early years when they were also coming to terms with the new challenges of their daughter's diagnosis.
The Australian Rett Syndrome Database is population based and has collected comprehensive data longitudinally since 1993, 17 giving generalizability to our findings. Importantly, we have identified almost all females with Rett syndrome in Australia who had a gastrostomy since 1993 and administered consistent questions about feeding difficulties, enabling us to examine predictive clinical factors for gastrostomy. Our response fraction for the current study was also high. We were unable to include the whole population in our analysis of the implications of feeding difficulty for later gastrostomy because some were recruited following gastrostomy. Based on review of the literature and family input, we developed a family satisfaction questionnaire in relation to gastrostomy and later child and family outcomes for inclusion in the 2011 follow-up questionnaire. Families were keen to report on their experiences because for many, it had been difficult to accept a gastrostomy and potentially reject the sensory and social benefits of oral feeding for their daughter. We acknowledge that we found little variability in levels of satisfaction and that consistent with Cognitive Dissonance Theory, 33 parents are more likely to report favorably since they consented to the procedure. As a counterpoint to this limitation, the open-ended questions provided opportunity for both positive and negative aspects. Despite this, the themes we identified were still overwhelmingly positive. Our documented weight gain helped to more fully articulate the clinical outcomes. Clinical outcomes and family satisfaction are both important components of the quality care outcomes framework 16 and were consistently positive in this study. A proportion of our subjects had not tested positively for a pathogenic MECP2 mutation. We acknowledge that genetic testing for women with a clinical diagnosis of Rett syndrome has important roles to play, but a proportion of those in our cohort who were older had not been tested for a MECP2 mutation because of its relative recent availability and some families do not now want to revisit diagnostic processes.
Ongoing clinical care of females with Rett syndrome includes regular monitoring of growth and its influencing factors. Our study identified that coughing, choking, and gagging during meals predict the need for gastrostomy that, in turn, relieves symptoms and promotes weight gain. Clinicians should initiate early discussion with families on the relative merits of gastrostomy and provide emotional support for decision making. Our data may be applicable to a wide range of diagnoses associated with disability, feeding difficulties, and poor weight gain.
